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Genetic Changes of
Reemerged
Influenza A(H7N9)
Viruses, China

To the Editor: From March 30,
2013, through April 8, 2014, a total of
401 human infections with novel avian
influenza A (H7N9) virus were reported
in China (/). In the initial wave from
February through May 2013, cases were
laboratory confirmed for 133 patients
(45 died), mainly in eastern China.
From June through early October 2013,
only 2 laboratory-confirmed cases were
reported in China. One of these, identi-
fied on August 10, 2013, was the first
case of influenza A(H7N9) virus infec-
tion in Guangdong Province (strain A/
Guangdong/HZ-01/2013). However, a
second wave of influenza A(H7N9) vi-
rus infection began on October 14,2013
(2). As of April 8, 2014, a total of 266
laboratory-confirmed cases had been
reported, mainly in Zhejiang Province
in eastern China (92 cases, 37 deaths)
and Guangdong Province in southern
China (99 cases, 30 deaths).

Previous  sequencing studies
suggested that 6 of the 8 influenza
A(H7N9) virus RNA segments were
acquired from influenza A(HIN2) vi-
rus. This acquisition process involved
at least 2 steps of sequential reassort-
ment; the most recent event most like-
ly occurred in the Yangtze River Delta
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area of eastern China (3-5). To date,
nearly all analyses have been per-
formed by using sequences obtained
from viruses isolated during the first
wave of infection; changes associ-
ated with viruses isolated during the
second wave are largely unknown (6).
We therefore conducted phylogenetic
analyses of whole-genome sequence
data for 15 influenza A(H7N9) vi-
ruses isolated from human patients in
Guangdong from November 4, 2013,
through January 15, 2014.

We estimated maximum-likeli-
hood trees for all 8 RNA segments by
using MEGA version 5.2 and the gen-
eral time-reversible model (7). RNA
segments encoding the hemagglutinin,
neuraminidase, and matrix genes of A/
Guangdong/H7N9 viruses isolated af-
ter November 2013 were genetically
similar to those of A/Guangdong/HZ-
01/2013 and H7NO strains from the first
wave of influenza (online Technical
Appendix, http://wwwnc.cdc.gov/EID/
article/20/9/14-0250-Techapp1.pdf).
An additional 4 RNA segments (non-
structural protein [NS], nucleocapsid
protein [NP], polymerase basic proteins
[PB] 1 and 2) of A/Guangdong/H7N9
influenza viruses isolated after Novem-
ber 2013 were clustered with A/Guang-
dong/HZ-01/2013 virus and were di-
vergent from all currently sequenced
subtype H7NO9 viruses from the first
wave in eastern China. The only excep-
tion was the NP segment of A/Guang-
dong/SZ-026/2014, which was found
segregated into a separate cluster with
subtype HIN2 viruses from Shandong
Province. Moreover, analyses showed
that RNA segments encoding NS, NP,
PB1, and PB2 of A/Guangdong/H7N9
isolated after November 2013 were
most similar to the same segments from
influenza A(HIN2) viruses that had re-
cently circulated in Guangdong (online
Technical Appendix Figure, panels
D-G). That is, NS, NP, PB1, and PB2
showed greater similarity to local sub-
type HON2 viruses from Guangdong
than to subtype H7NO viruses from the
first wave of influenza.

Notably, 2 separate clusters were
observed for the phylogenetic tree of
the RNA segment encoding the poly-
merase acidic gene (online Technical
Appendix Figure, panel H). A/Guang-
dong/HZ-01/2013-like viruses clus-
tered with subtype H7N9 viruses from
the first wave of influenza. However,
A/Guangdong/DG-02/2013-like virus-
es were clustered with subtype HON2
influenza viruses circulating in Guang-
dong, suggesting that recent reassort-
ment with circulating subtype HIN2
viruses occurred after the first case of
infection with influenza A(H7N9) virus
reported in Guangdong (online Techni-
cal Appendix Figure, panel H).

This study provides evidence that
influenza A(H7N9) viruses isolated
during the second wave of influenza
in Guangdong differ genetically (in
5 of the 8 RNA segments) from that
of influenza A(H7N9) viruses isolated
during the first wave. High similarity
of these 5 segments with those of lo-
cally circulating subtype HON2 virus-
es suggests that rapid and continued
reassortment with circulating subtype
HON2 viruses occurred during the sec-
ond wave of the influenza A(H7N9)
virus epidemic. Because reassortment
and genetic changes can contribute
to host fitness and infection capac-
ity of reemerged influenza A(H7N9)
viruses, studies of pathogenicity and
transmission, to reveal the exact role
of each genetic alteration, are needed.
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Carbapenem-
Resistant
Enterobacter
cloacae Isolates
Producing KPC-3,
North Dakota, USA

To the Editor: Carbapenem-
resistant Enterobacteriaceae (CRE)
continue to emerge as a serious public
health threat throughout the world (7).
CRE infections in the United States
are often mediated by acquisition of
Klebsiella  pneumoniae  carbapen-
emase (KPC) expressed by Klebsiella
spp., although KPC is also found in
other genera (2). The spread of KPC-
producing, gram-negative bacteria in
hospitals has been linked to severity
of illness, co-existing medical condi-
tions, exposure to antimicrobial drugs,
and need for chronic care (3).

After reporting of CRE ifections
to the North Dakota Department of
Health became mandatory in 2011, a
total of 20 CRE cases were noted in
12 of 53 counties (2.9 cases/100,000
population [4]). Most cases involved
infection with Enterobacter cloacae
and occurred in Cass County, where
the state’s largest city, Fargo, is locat-
ed. We describe an outbreak of clonal
carbapenem-resistant E. cloacae in a
health care system in Fargo.

Sanford Health is a 583-bed,
acute-care facility, representing ~70%
of acute-care beds in Fargo. The hos-
pital handles >27,000 admissions/
year and serves as a referral center for
a large area of the state, and the only
long-term acute-care (LTAC) facility
in the eastern half of the state oper-
ates on its campus. During December
2011-December 2012, all isolates
of Enterobacteriaceae with reduced
susceptibility to ertapenem (MIC >1
pg/mL) identified at the hospital’s
clinical microbiology laboratory were
screened for carbapenemase produc-
tion by using the modified Hodge
test (mHT), according to Clinical
and Laboratory Standards Institute
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recommendations (5). Identification
and susceptibility testing were done
with the MicroScan system (Siemens
Healthcare Diagnostics, Tarrytown,
NY, USA); MICs of carbapenems
were confirmed with Etest (bioMéri-
eux, Durham, NC, USA). Three car-
bapenem-resistant E. cloacae isolates
from documented cases of CRE infec-
tion at the hospital during 2010 were
analyzed for comparison.

To characterize carbapenem-re-
sistant and mHT-positive isolates, we
used PCR to amplify and sequence
the carbapenemase genes bla,,,
bla,, bla,,,, and bla, . by using es-
tablished methods (6). The upstream
sequence of bla,, . -positive strains
was analyzed to determine the iso-
form of the transposon Tn440/ that
harbored bla,,. (7). We investigated
genetic similarity among isolates by
repetitive sequence-based PCR; iso-
lates with >95% similarity were con-
sidered clonal (6). We also sequenced
the highly conserved Zsp60 gene (8)
and attempted conjugative transfer
of the bla,,. gene by growing KPC-
producing E. cloacae along with
sodium azide-resistant Escherichia
coli J-53. As part of the study, we
examined records of patients from
whom carbapenem-resistant E. cloa-
cae was isolated. The study was ap-
proved by the Institutional Review
Board at Sanford Health.

During December 2011-Decem-
ber 2012, a total of 19 single-patient
E. cloacae isolates and 1 E. aerogenes
isolate had positive mHT results. bla, .
was detected in 17 of the 19 E. cloa-
cae isolates and in the 3 carbapenem-
resistant E. cloacae isolates from 2010.
For all 20 of those isolates, sequencing
revealed bla ., in association with
isoform d of the transposon Tn4401,
and all isolates were clonally related
(Figure). All 20 isolates also had an
identical Asp60 sequence belonging to
cluster VI in the Hoffman and Roggen-
kamp scheme (8). Conjugation of a
bla,,.-containing plasmid into E. coli
J-53 was successful for 1 strain.

1583



Article DOI: http://dx.doi.org/10.3201/eid2009.140250

Genetic Changes of Reemerged Influenza
A(H7N9) Viruses, China

Technical Appendix

EPI515873 AlGuangdong/ E201401

EPIS18657 A/Guangdong/FS-034/201401

EPI515848 AlGuangdong/F S-033/201401

EFIS15817 A/GuangdengFS-018/201401

EFIS166T7 &/Gua ¥ 3041201312

A EPKTEE0T AGuangdongHZ-01/201308

EFI515885 A/Guangdaong/¥ J-05/201312

angdong/DG-02/201311

EP1515859 A/Guangdong/DG-
EPI515825 A/\Gu 2-0RA201401

EP1515065 AGuangdong/SZ-035201401

100 EPI515801 AlGuang 0121201400

EPIS15909 AlGuangdong/¥ -0 1401

EPI515841 A/GuangdongFS-031/201401

EPI515863 A/Guangdong/GZ-010/201401

EPIE15033 AGuangdongFS-020/201401

[— EPMBEE6T AlKangsu/ 17201304

|— EF1443034 AiZnejiangi1/201304

[— EPI47621 AHunan/01/201303

EP433507 Athrhui1/201303

EPI46T46 AFujlani /201304

[— EPI4TE04 ABeqng/01-AI201304

ELF)

ong

|- EPMETI05 A'Wu 201304
{:_p 44TE20 A RangriD1/201304

EPM4TE18 AlShandong/D17201304
EPI447617 AHonan/D1/201304
|—— EPI438486 A/Shanghai/1/201202
L EPI447588 A/shanghal0S/201304
EPIIT1223 Alfuck Zhejinng! 12201 1{HTNS)

100L— EPI3T1220 AlduckZnefiang/2/201 1 (HTN3)

EPFI515858 AJGuangdong/GZ-010/ 201401
1515936 AJG: FS-031/201401
EPIS 15960 AJGua QfSZ-038/201401
EFIS15872 AJGuangdong/vJ-04/201312
A EPMTETM AGuangdong/HZ-01/201308
EPK38506 AlAnhuif/201303
EPRA0ET AlZhejang/ 17201304
[— EPI447694 A/Hunan/01/201303
[— EPI515880 A/G:
EPRK4ET4E AFUjiani01/201304
EPK4TEZT AJBeiing/01-AS201304
— EPM47T22 AfHenanD1 /201304
—F PI447T15 A/Shandong01/201304
EPI447701 Aldiangal 11201304
EPIS15944 AJGuangdongF S-033/201401
EFIS15968 A/Guangdong/GZ-036201401

angdong/YJ-05

B 9| EPIS15972 A

EPI515876 AlGuangdongy J-04/201312
Guangdong/GZ-036/201401
515916 A/GuangdongFS5-019/201401
EPIS15940 A/Guangdeng/FS-031/201401
5880 AfGuanggong/DG-02/201311
5884 AiGuangdong/¥ J-05/201312
4 AGuangoong/SZ-035201401
100 EPI515800 A/Guang J0120201401
EPI515508 A/Guangdar N HZ0401
EFI515948 AiGuangdongFS-033/201401
EPIS15956 A/GuangdongF 5-034/201401
EF1515852 A'Guangdong/GZ-010/201401
Tl ERI515032 AtGusngdong/FS-020/201401
™ IFP HMATT23 Afvlonan/01/201304
EPMATTOZ AlRangsi/l1/20
b5 EPIS15868 AGuangdong/DG-03/201312
_|— P15156024 AlGuangdong'SZ-026/201401
— EPM3 ASARNUII20
EPI4ETI0T AMWuxif 17201304
EPI447718 A'Shandong/01/201304
—— EFI446747 AFujlan1/201304
[— EPM43038 A/Zhejiang1/201304
EPH4TER AHunan/01/201303
EPI44T826 AR
Alliangsu01/201304
EPI439487 A/Shan
EFK47903 Alshanghall5/20130
EPMT0312 Alduck/Jliangxi2 17 14/201 1(H1 1hg]

EPIS150

gi0n-AR0 304

EPII92623 Adwild birdKorealA 147201 1(HTNG)

—_
2005

EPI443038 AZhejiang/1/201304
EPI44765T AMMunan/D11201303
EPI439510 AMAnhuil /201303
EPIR4TT04 Alliangdi01/201304
EPI44ET49 AFuFani0 /201 304
EFI447T18 A/Shandong01/201304

EPM689T0 Alliangau/ /201304

EPI4G7309 AMWuxif 201304

EPM4TEI2 ABejing/01-A201304
EPI4 36494 AlShanghal 17201302
EPI44TT25 AfHenan/01/201304

: El 1 EL
" EPK23871 Albrambling/Beijing16/2012(H8NZ)
EPI515878 A'Guangdong/YJ-05/201312
EPI515959 A/Guangdong/SZ-035/201401
S AlGuangdong/DG-02/201311

B EPIS 15052 AVGua ongiF 5-024/201401 - 5885 A/Guangdong/YJ-012/201401
100 EPIS15912 AJGuang S-019/201401 803 A'Guangdeng/vJ-013/201401
= EPI5158566 A/GuangdongDG-02/201311 EP1515943 A/Guangdong/FS-033/201401
EP1515864 AiGuangdong/DG-00/201312 EPI515811 AMGuangdongFS-019/201401
_"|: EP1515820 A/Guangaong/SZ-026/201401 EPI515867 A/Guangdong/GZ-036/201401
[ EPI515928 A/Guangdong/FS-023/201401 EPI1513951 A/Guangdong/FS-034/201401
EFIS15896 A/Guangdong/Y J-012/201401 ®EPILBI02T A pong! 1
BAEPIS15804 A/Guangdong YJ-013/201401 - ® EP400E81 1 117201 304 ]
—EPI439483 A/Shanghai 17201302 ] EPI515871 A/Guangdong/vJ-04/201312
® criagoes2 1328000 Oz ERIS15835 AlGuangdong FS-0317201401
@ EPLS1030 AlenviGuangdong/C 13058252201 305{HEN2) bo |- EPIS 15887 ABuangdongiGZ-010/201201
L] {] EPIS15827 A/Guangdeng/FS-029/201401
@ EP4g 3XN11652/201305{HIN2) EPI515863 AiGuangdang/DG-0X 201312
100! ® EPI490950 gdong/GD1301847201 EPIS15919 A/Guangdong/SZ-026/201401
97| hd 30206201 ] A
94l EPM91006 .
PI416210 Alchi 172012(HEN2) . NI206201
_|—mlzmemammuw|arzmzmmﬂ ile
= JiangsulZ. NZ) ®E 2
EPI468959 Alliangsw/1/201304 100 @ ERY 3 1 )

EFIK47H1 AishanghailD5/201204
72 EPId65450 AlchickentliangswNTTZ/2013{HINZ)
@ EPI515976 12{HaNZ)

L—— EPI51174 Alchicken/Guangdong/LG1/2013(HINZ)

@ EPI515875 1
EPI296185 AlswineTaizhowS2008{HEN2)

EPIT0771 AdchickenHong Kong/TCE/2012(HENZ)

AFS08T15
100 ’Em

0008



http://dx.doi.org/10.3201/eid2009.140250

E - EPI515858 AfGuangdong/SZ-085201401

EPI515850 ABuangdong/F S-034201401
| EPt515854 AlBuangdang DG-02/201311
EPIS15042 AlGuangdong F5-033/201401
_{EHS]S&N AlGuangdong/YJ-D12201401
fo | EPts 15802 ArGuangdang/YI-D13201401
EFI515866 AGuangdong/GZ-D36/201401
|— EPI515878 AGuangaong!Y.-05201312
EPI515885 AGunngdong/G2-01 0201401
EPIS15870 AfGuangdong¥.-04201312
EPI515926 A/Gusngdong F5-028(201401
[— EPI515004 AlGuorgdong FS-03 11201401
EP1515210 AlBuangdongFS-01 8201401
EPI515862 AlGuangdong DG-DN201312
A EPUTETO AfGuangdong/HZ-01/201308

EPi430481 201302

J=

EPHI1004

=

| S, AemwCunngdong 28008720131 2(HINZ)

L EP1441088 AlduckiShanghallC1632008(HENZ)
o2 [ EPI44T696 AMunan/ 01201303
| VEPLATTON Aldiangri017201304
P EPI4E3505 AMNanjing/1/201303
EPI470854 AdchickenWenzhowTA01 3(HTNT))
EPME1T0S duskMunanS4111/2011(HIN2)
= EPIEETT Al Nangsu' 1201304
rEPI4TTIT AlShandang/01/201304
100 [l EPH4TES AHunan(1/201303
£ AZhajiang/ 1201304

—EPMEIE30 AFujian/1/201304
EPI439508 AlAnhul 17201303
._I
EPIS15918 AGuangdong/ 52020/,
lul EPMTOSE AchackenRizhacd 1 5201 3(HSN;
100 '
[ EPtzaaTER
00| i
=
EFI515814 AGuangoong F S-019201401
w EPI515654 A/GuangdongF5-0342014010

EPIS1EH4E A'Guangdeng/F5- 033201401
“ EPISTEETD A'Guangdong/GE-006201401
LENS‘SQS& AGuangdong/F5-031/201401

EPIS15890 AlGuangdong/GZ-010V201401
EPIS1S930 AlGuangdong FS-020201401
‘iEm-:nsst-a AfGuangdang!Y 12201401
EPI515806 AtGuangdongY 013201401
EPI476668 AGuangdong/HZ-01/201308
EPIS15022 AGuangdong/SZ-026/201401
EPI515858 AGuangdeny/DG-02201311
EPIS15674 AGuangdong/Y.-04201312
EP1515856 A'Guangdong/DG-03201312
EPI515682 AGuangdong/Y S-05201312
— EPIS15862 AGuangdong/SZ-035201401
®ER

00

EPIBE0BY AlchickenHang Kong/TC1B/2011{HENZ)

o )

00 L]
- ® Pt
1@ Epgioos

[ EPHMB353 Alchickunangu COTWPIEONHENZ)

st. EPMATON Afshanghat08/201304
]

EPI351707 AichickenZhejang J2a2011
EPIATEIT A Beijng/-A201304

EPi416228

EF M)
EPI423829 Albambling/Beijing/ 182012
EPI439488 A/Shanghai1/201302
- — EPIGEIG Alliangsu1/201304
EPIATUS04 AMARPU 1201303
EPMATIEN WShandongzins
|EPI«M??00 AHuanan017201308
EPMSIE2T AFuian/17201304
| — EP4gTELS AThefinng 1201304
iEPuune AHenan017201 304
EPHATION ALkang:011201304

L 1

EPIS15885 AlGuangdong/FS-034/201401
2 [ EFI515515 AlGuangdong FS-D19/201401
EPIS15871 AlGusngdong/GZ-0367201401
EPI515647 AlGuangdong FS-03 3201401
EPIS15038 AlGuangdong FS-031:201401
EPIS16831 AGuangdeng/FS 028201401
1518878 AlGuangdong/¥J 04201312
EPI515881 AGuangdong/GZ-010:201401
EPIS15883 AlGuangdong/YJ-08201312
A EPWMTHE38 AlGuangdongMZ.01201308
EPIS15859 AGuangaong DG-02/201311
EPIS15887 AGuangeong DG-0X201312
EPIS18883 AlBuangdong/52- 038201401
EPI518523 AGuangdong!S2- 0261201401
EPI£18858 AlGuangdang/Y-012201401

HGNZ)

EPI453828 AFulan1/201304
PHAI0A2 AThajiang/ 11201304
EPIA47659 AMunan'/201303
EPI439508 Arrud1/201303
EPHSHSSS Alliangsu/1/Z01304
EFMIMMED A/Shanghall 1501302

HHENZ)
EPIS4TTO06 ABNgA /201304

EPMATTZT AMenan/0 17201304

EPHATT20 AfShandong/D1/201304

EPMES448 Alchickon/ SangswCZIT22014HINZ}

- EPI453620 AlNanjing/1/201303

[ EPM47834 ABaijngD1-AZ01304
I EPI447608 AHunan1201303

[ EPI4TTOS Alliangd1/201304

[ EPI44T725 Altsnan01/201304
%I EPI443033 AiZhejiang! 17201304
[~ EPMS3837 AFujian 1201304

[ EPMETI20 AW 1201304

- EPI430803 AlAnswi 17201308

EPIS15521 AlGuangdong/SZ-028201401
EPIS15968 AGuangdong/GZ-035201401
EPI515053 AGuangdong/FS-0347201401
|- EPIS158MS AGuangcangFS-033201401
EPIS18013 AlGuangdong/FS-M1ER201401
EFIS480 AShanghnil 1201202

EP416223

EPTS15689 AGuangdong/GZ-010V201401
EP15156837 A/GuangdongFS-031/201401
EPH4TT19 A/Shandang01/201304

76 EPIS15905 AGunngdong/Y.-0 14201401
EPIS15097 AlGuangdong/YJ-012201401
EPIS15057 AlGuangdongDE-02201311
EFI515881 AGuangdong’Y 05201312

9t L— EP1518873 AGuangdang!¥ 04201312
ay01312

s

IWI | E
100 L @ EPHBI0I JSHIND)

EPIIS1704 1(HON2)
EPH16611 Alchicker/Shandangl0 2201 XHINZ)

EPI416651



Technical Appendix Figure. Phylogenetic tree of the 8 RNA segments from influenza A(H7N9) virus isolates.
Nucleotide sequences were analyzed by using the maximum-likelihood method (A-G). Supporting bootstrap
values >70 are shown. Scale bars indicate nucleotide substitutions per site. The collection times (year, month)
and cities for influenza A(H7N9) virus Guangdong strains are indicated. Green, influenza A(H7N9) viruses
isolated during the first influenza wave; red, influenza A(H7N9) virus isolated during the second wave; triangles,
A/Guangdong/HZ-01/2013 isolated between the first and second waves on July 28, 2013; circles, influenza
A(HINZ2) viruses circulating in Guangdong; GZ, Guangzhou city; DG, Dongguan city; YJ, Yangjiang city; FS,
Foshan city; SZ, Shenzhen city. A) hemagglutinin, B) neuraminidase, C) matrix protein, D) nonstructural protein,
E) nucleocapsid protein, F) polymerase basic protein 1, G) polymerase basic protein 2; H) polymerase acidic
protein.



